Abstract: α-Methylene-γ-lactams were synthesized from readily available N-acylhydrazones by a tin-mediated Barbier-type reaction. The method avoids the use of toxic allylstannanes and the reaction proceeds smoothly under mild conditions.
Introduction
The addition of allylic organometallic compounds to imines is one of the most important methods for the preparation of homoallylic amines [1] [2] [3] [4] [5] . Many allylic organometallics such as allylic magnesium, zinc, boron, silane and stannane reagents have been used in such reactions [6] [7] [8] [9] [10] [11] [12] [13] . In particular, allylstannanes are stable toward heat, hydrolysis, oxygen, and are compatible with many functional groups [3, 4, 8, 9] . However, the application of allylstannanes in organic synthesis is restricted due to their toxicity and the formation of undesirable trialkyltincontaining by-products [14, 15] . Besides, Lewis acids or transition-metal catalysts are often needed in allylstannane-mediated allylation reactions [3, 4, 8, 9] . In 1981, Mukaiyama and Harada [16] reported for the first time the allylation reaction of carbonyl compounds with allylic halide in the presence of tin powder to give the corresponding homoallylic alcohols. Additional reactions of this type with imines have been investigated [17] [18] [19] [20] [21] . In this report, we describe a practical procedure for the preparation of homoallylic N-aminophthalimides and α-methylene-γ-lactams by the reactions of aromatic aldehydes and N-acylhydrazones derived from N-aminophthalimide in the presence of tin powder. The combination of tin powder and allylic bromide as an allylation system avoids the use of toxic allylstannane.
Results and discussion
Initially, a mixture of 1 equivalent of 2-(benzylideneamino)-isoindoline-1,3-dione (1a, generated from benzaldehyde and N-aminophthalimide), 1.5 equivalents of 2-(bromomethyl)acrylate (2) and 2 equivalents of tin powder in ethanol was heated under reflux. After 2 h, product 3a was obtained in 32% yield, and a trace amount of cyclized derivative 4a was also detected (Scheme 1). Under optimized conditions, the use of 1 equivalent of 1a, 3 equivalents of 2 and 3.5 equivalents of tin powder in ethanol furnished the desired product 3a in 57% yield. The use of dichloromethane, tetrahydrofuran, methanol, toluene and 1,4-dioxane have been examined. The product 3a was obtained in a 36% yield after 2 h of heating in methanol under reflux. In the remaining solvents under similar conditions, the allylation reaction of 1a did not occur. These results show that ethanol is the optimized solvent for the allylation reaction of 1a. Then, the allylation reaction was examined using various substrates 1 (Scheme 1). It was found that substituted acylhydrazones 1 are allylated smoothly with reagent 2 in the presence of tin powder. The position of the substituent on the phenyl ring has little effect on the yield of the corresponding product 3. However, an attempted reaction of substrate 1 bearing an amino or nitro group on the phenyl ring did not afford the desired product 3, and a complex mixture was obtained.
The cyclized by-products 4a were observed in these allylation reactions (Scheme 1). Related α-methylene-γ-lactam units are important scaffolds found in some biologically active synthetic molecules and natural products [22] [23] [24] [25] [26] . It was found that prolonging the reaction time resulted in the formation of compounds 4 as the major products. For example, heating of the mixture of the substrates for 2 h furnished 3a in a 57% yield, and the subsequent heating for an additional 2 h furnished product 4a in an 83% yield. Afterwards, different substituted 2-(benzylideneamino)isoindoline-1,3-diones 1 were examined for the synthesis of α-methylene-γ-lactams 4 (Scheme 1). The results show that acylhydrazones 1 with an electron-donating or electron-withdrawing group on phenyl ring undergo the cyclization reactions smoothly to give the corresponding products 4 in good to excellent yields. Again, the attempted cyclization of acylhydrazones 1 bearing an amino or nitro group on the phenyl ring did not afford the corresponding products 4.
A possible mechanism that includes the literature data [27, 28] and our previous research results [18] [19] [20] [21] is shown in Scheme 2. Thus, substrate 1 undergoes a reaction with the intermediate product 5, to generate the intermediate product 6. Hydrolysis of compound 6 gives the observed product 3. On the other hand, cyclization of 6 generates compound 7, which is the precursor to the observed product 4.
Conclusion
Efficient methods for the synthesis of homoallylic amines and α-methylene-γ-lactams are described. In these reactions, a mixture of allylic bromide and tin powder is used to replace toxic allylic stannane.
Experimental
All reactions were performed in oven-dried glassware equipped with a magnetic stirring bar. Silica gel column chromatography was carried out using silica gel 60 (230-400 mesh). Analytical thin layer chromatography (TLC) was done using silica gel GF 254 . Compounds were visualized by exposure to ultraviolet light, phosphomolybdic acid solution, potassium permanganate solution or iodine vapor. Proton nuclear magnetic resonance ( 1 H NMR) (600 MHz) and carbon-13 nuclear magnetic resonance ( 13 C NMR) (150 MHz) spectra were recorded in deuterated chloroform (CDCl 3 ). Melting points are uncorrected. Infrared (IR) spectra were recorded using KBr pellets. Substituted 2-(benzylideneamino)isoindoline-1,3-diones 1 were prepared as previously described [29, 30] .
General procedure for the synthesis of compounds 3 and 4
A mixture of 1 (0.4 mmol, 1 equiv.), 2 (1.2 mmol, 3 equiv.) and Sn powder (1.4 mmol, 3.5 equiv.) in anhydrous ethanol (4 mL) protected Ethyl 4-(3-chlorophenyl)-4-((1,3-dioxoisoindolin-2-yl) bromophenyl) ((1,3dioxoisoindolin-2-yl) 166.0, 165.1, 163.7, 138.2, 135.1, 134.7, 134.5, 130.1, 129.8, 128.8,  128.8, 127.4, 124.1, 123.7, 119.6, 61.0, 35.0. IR: ν 3078, 3038, 2897, 1788,  1743, 1673, 1462, 1342, 1277, 1224, 1078 5-(2-Fluorophenyl)-3-methylene-2-oxopyrrolidin-1-yl) -2-oxo-5-(m-tolyl)pyrrolidin-1-yl) 
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